INTRODUCTION
The importance of snow in the local, regional and global cycles of freshwater is highly acknowledged (Lemke et al., 2007) . In many areas of the world freshwater first accumulates in form of snow and later releases the meltwater to soils, groundwater, reservoirs and rivers.
The assessment of the impact of global warming on snow and in general on the cryosphere should be supported by high quality observations (Vaughan et al., 2013) . Barnett et al. 2005 stated that the impacts of global climate change are mostly relevant for the areas where water and snow resources are closely linked, such as in the mountains of the Central and Eastern Europe (Marty et al., 2017) . However, Klemeš (1990) considered mountains highly challenging in the perspective of description of hydrological processes and modelling. This is mostly linked with highly variable topography, land cover and soil properties and the complex interaction between climate and landscape elements in these environments (Gurtz et al., 1999) .
Snowmelt is the key governing variable in shaping the regime of many rivers (Barnhart et al., 2016) . It is predicted that the climate change will cause an increase of liquid precipitation at the cost of solid precipitation (Berghuijs et al., 2014) . Therefore, sound analyses and modelling experiments are needed to understand how changing snow resources will change the way water is managed in mountain regions and in the regions where the supply of water for population, irrigation and hydro energy is linked with the seasonal dynamic of snowpack (Mankin et al., 2015; Viviroli et al., 2011) . Besides the snowmelt induced floods (Vormoor et al., 2016) , recent studies also highlight the role of snow cover and glaciers in soil and groundwater recharge (Jasechko et al., 2014) and hydrological drought (Fraser, 2012; Godsey et al., 2014; Jenicek et al., 2016 , Van Loon et al., 2014 . Field measurements of snow characteristics provide key data to calculate the amount of water stored in the snow cover, the rate of its release during the snowmelt and validation of snow models or remote sensing products. Modelling is an important tool in the research of the hydrological cycle and forecasting of the variability of its components including floods and droughts, snow and snowmelt runoff modelling (e.g. Etchevers et al., 2002; Hock, 2003; Kirnbauer et al., 1994; Martinec and Rango, 1986) benefit from the remote sensing products and it is therefore natural that hydrologists continuously try to improve model performance also by incorporating the remote sensing data (e.g. Parajka and Blöschl, 2008; Thirel et al., 2013) .
This thematic issue on snow resources and hydrological cycle includes 14 authors from 14 European countries. It was designed to attract contributions on the current state of measurement and modeling of snow cover characteristics, amount and variability of water stored in snow, its release during the snowmelt and the links between the snow cover and hydrological processes. Furthermore, this collection of original articles represents a dissemination outcome of the Swiss-CzechGeorgian collaborative project focused on "Snow resources and the early prediction of hydrological drought in mountainous streams" (SREP-Drought, Zappa et al., 2015) , supported by the Swiss National Science Foundation. The objective of that project was to evaluate how summer low flows and droughts are affected by winter snowpack in three mountain catchments located in the Alps (Prealps, central Switzerland, Hegg et al., 2006) , in the Jizera Mountains (Kamenice, northern Czech Republic; Šanda et al., 2014) , and in the Little Caucasus (Gudjaretis-Tskali, central Georgia, Melikadze et al., 2013) . Some of the articles in this collection well align on the project topics and thus contribute to the know-how exchange among the European scientists. Four studies in this issue are devoted to measurements of snow characteristics in the field or their estimation from the remote sensing. Four studies are focused on sampling snow or meltwater for isotope analyses or the use of isotopic approaches in studying the hydrological cycle. Finally, three studies are devoted to snowmelt modelling and use of remote sensing data. Bartík et al. (this issue) analyse the influence of the spruce forest dieback on snow characteristics (depth, density, water equivalent) in the highest part of the Carpathian Mountains (northern Slovakia). Data from five winter seasons showed that the difference in snow depth between the disturbed and living forest increased since the third winter after forest dieback. The forest dieback resulted in a significant increase (about 25%) of the water amount stored in the snow while the snowmelt characteristics (snowmelt beginning and time of snow disappearance) did not change substantially.
FIELD SNOW DATA COLLECTION
Komarov et al. (this issue) present data from the Khibini Mountains (northern Russia) which show that the small-scale variability of the snow characteristics can be large even in areas with uniform geomorphology and topography. In contrast with common assumptions, variability of snow density was higher than that of snow depth. characteristics and runoff. The analysis conducted in 145 catchments located in nine European countries showed that three to six snowmelt events occurred in the majority of catchments during a year. The mean difference between the snowmelt event beginning and the peak runoff was about three days. The snow line elevation during that time rose on average by 170 m.
ISOTOPIC APPROACHES
A special focus is given to isotope measurements of precipitation and snowmelt water. Snowmelt is an important source of water recharging soils and triggering runoff generation. Stable isotopes of oxygen and hydrogen in water help to understand the movement of water in the hydrological cycle. While the sampling of rainwater and streams for stable isotopes is relatively easy, sampling of the meltwater (Penna et al., 2014 ) is still challenging. Vreča et al. (this issue) analyze the local-scale variability in isotopic composition of snowmelt water sampled in Slovenia by the passive capillary samplers (Penna et al., 2014) . Analysis of variance and its source by ANOVA showed that due to the variability within the group of samplers (several samplers located close to each other), a large number of samplers (> 5) was needed to sample the snowmelt water.
Hürkamp et al. (this issue) present isotopic data from 18 snow profiles of two winter seasons at Mt. Zugspitze, Germany. They conclude that depth-integrated samples of entire 10 cm layers and point measurements in the same layers showed comparable isotopic compositions. Isotopic composition of the snowpack at the same sampling time in spatially distributed snow profiles was isotopically more similar than the composition observed at the same place at different times. Melting and refreezing were clearly identified as processes causing isotope fractionation in surficial, initial base or refrozen snow layers.
Rücker et al. (this issue) present a novel setup combining snowmelt lysimeters and water sampler for automatic sampling of the meltwater at daily time resolution. Simultaneous collection of rain samples provides stable isotope data to improve the identification of the contribution of snowmelt to runoff in a Swiss alpine catchment. Šanda et al. (this issue) evaluate nine years of δ 18 O values in precipitation, soil water and groundwater in a small Czech mountain catchment and calculate the winter/summer recharge ratios of catchment groundwater, peat organic soil water, mineral hillslope soil water and baseflow. Isotopic mass balance of individual winters showed that precipitation in warmer winters was entirely transformed into outflow until the end of the winter season, leaving no significant water storage for potential drought periods.
SNOWMELT MODELLING AND REMOTE SENSING DATA
Riboust et al (this issue) revisit a simple degree-day model for integrating the satellite data and introduce a new calibration method for the snow model that also accounts for the hysteresis-behavior (Egli and Jonas, 2009 ) of snow cover during the accumulation and ablation processes. Incorporation of hysteresis between the snow-covered area (SCA) and snow water equivalent improved the SCA simulation. Model parameter sets calibrated jointly against SCA and runoff observations were more robust for simulating independent periods than the parameter sets obtained from discharge calibration only.
Piazzi et al. (this issue) investigate the effectiveness of snow multivariable data assimilation in a snow modelling system designed to provide the real time applications. A series of tests in the northwestern Italian Alps revealed the limitations and constraints in implementing a multivariate Ensemble Kalman Filter scheme in the framework of snow modelling and its performance in consistently updating the snowpack state. Combined assimilation of surface temperature, snow depth and albedo observations provided the best results in snowpack modeling. Sorman et al. (this issue) explore the feasibility of probabilistic runoff forecasts using the probabilistic snow depletion curves derived from the satellite data (MODIS) in a snow dominated basin in Turkey. Estimated runoff values indicated good consistency with the forecasts based on the derived probabilistic snow depletion curves. The proposed framework can be easily adapted to other scarce networks or ungauged snowdominated mountain catchments to assist the decision makers responsible for the water management.
CONCLUSIONS
This thematic issue is a collection of current research efforts devoted to the role of snow in the hydrological cycle. The ten papers and the technical note present innovative methods of snow characteristics measurements, research of the relationships between snow and runoff, on the monitoring and evaluation of environmental tracers in the snow-related part of the hydrological cycle (precipitation, snowpack, soil moisture, groundwater, runoff). Modelling experiments showed how snow accumulation and melt modelling can be validated against snow and runoff observations. Data from remote sensing platforms and data assimilations procedures represent another very active field of research in contemporary snow hydrology. We thank the authors for their contributions and wish the readers of Journal of Hydrology and Hydromechanics much of new inspiration. Journal editor Dr. Lubomir Lichner is acknowledged for the very collegial and professional guidance in the process of compiling this collection of papers. We also thank all the reviewers who contributed to the improvement of the articles presented in the thematic issue. Massimiliano Zappa and Martin Šanda thank the Swiss National Science Foundation SNF (Joint Research Projects SCOPES, SREP-DROUGHT project, Grant IZ73Z0_152506) for the financial support of research activities conveyed in this thematic issue.
IN MEMORIAM
During the preparation of this special issue the editorial team learned that two scientists working on the topics presented in this compilation of articles passed away. It is therefore our wish to dedicate this issue to the memory of Associate Professor Dr. Robert Kirnbauer (Technical University of Wien, Austria) and of Dr. Stefan Pohl (University of Freiburg in Brisgau, Germany). Their work on snow processes (Pohl and Marsh, 2006) and snow modelling (Kirnbauer et al., 1994 ) represent a very important contribution for the understanding of snow as part of the hydrological cycle.
